Abstract. The fractal dimensions and their spatia1 Variation characteristics of 17 sub-watersheds in the study area from Badong county to Zigui county in TGP reservoir region were calcu1ated and analyzed based on the digital elevation model(DEM), the fundamental principle of Variational method and the functions of ArcGIS windows analysis. The results indicate that the topography of the sub-watersheds have obvious fractal features and that there are more landslides in the sub-watersheds with fractal dimension values ranging from 2.17 to 2.25, and there are some landslides in the sub-watersheds with fractal dimension values ranging from 2.40 to 2.53, and there are relatively few landslides in the sub-watersheds less than 2.17 and 2.25-2.40. The results show that fractal values of topography are closely related to the occurrence of the landslides.
Introduction
Landslide is a common geological disaster occurring regionally and frequently. It usually produces serious damages to towns, villages, farmlands, transportation, communication, and even blocks rivers and destroys the water conservancy projects. It occurred regionally and frequently in the mountainous areas of China. Therefore, it is of importance and significance to study the landslide so as to improve the landslide prevention and control, and to guarantee the engineering safety and the environmental protection.
Watershed landforms have significant diversity, complexity and nonlinear features in terms of their morphological and spatial distribution. Fractal theory provides a new method for the non-linear study of basin topography. At present, there are many researches on fractal features of topography. Landslides and terrain are closely related. So this paper attempt to combine the fractal features of topography with the distribution of landslides, and to study the relationship between topography and landslides from the perspective of fractal.
Study Area and Data Sets
Landslide is be prone to occur and to cause natural hazards in the Three Gorges reservoir region, where there are varied topographies, complicated geological structures, and heavy annual rainfall. Especially since 1980's, the landslides occurred more frequently to cause serious damages to the local communities. Some landslide hazards destroyed houses, road, villages and farmlands. In this way, the landslide hazards are the important issue to influence the settlement project, shipping and ecological environment in the Three Gorges reservoir region. It is thus important to study the landslide in the area to reduce the landslide hazards, and to ensure the reservoir safety.
The study area is located in Hubei Province from Zigui to Badong counties. There are many landslides, for example, Xintan landslide, Huangtupo landslide and Huanglashi landslide, which are usually located in the section with "hard" rock and "soft" rock jointly and along the bank of the river. The landslides often cause serious damage to the area. For instance, the Huangtupo landslide has forced the new town of Badong county to be relocated to Xirangpo, about 6 km to the west of Huangtupo. Another recent landslide, on 3rd March 2002, moved more than 20 million cubic meters of debris down slope, threatening the new town of Wushan county (Wu et al. 2001 ).
The main data for this study is the 1:50,000 scale digitized geological map, from which the watersheds were obtained (Fig. 1) . 
The Fractal Model of the Variational Method
The variational method can be used to solve the fractal dimension using the principle of variation in mathematical theory. This method was introduced to calculate one-dimensional curve fractal dimension by Dubuc (1989) , and was extended to two-dimensional by Spanos and Irene (1994) . The variational method has been widely applied to the calculation of two-dimensional surface fractal dimension for the simple solving process and small error. Variational method provides an effective way to calculate the fractal dimension of three-dimensional surface with anisotropy and discrete data.
The Minkowski Dimension D M of the three-dimensional continuous surface S is defined as:
According to the basic principle of Minkovsky dimension of three-dimensional surface using the geomorphic height of the raster data and variational method in the sub-watersheds, the window analysis function in ArcGIS software can be used to traversal continuously the geomorphic elevation grid data of the sub-watersheds by 2 times, 3 times, ..., 20 times the initial grid size of the analysis window size ε at different positions. The difference between the maximum and minimum raster elevation of the analysis window is recorded, the position of the analysis window and the corresponding elevation difference are recorded, and all the positions of the analysis window in traversing the model raster data of the watershed are obtained. And the height of the value of the difference.
Then, based on the size of the analysis window, the size of the grid is calculated, and the elevation difference value of the grid is obtained as the new elevation value of the grid. The digital elevation difference model of the watershed model is generated and its volume V (ε) is calculated. And so on, the digital elevation difference model and the volume V (ε) of the sub-watershed model corresponding to different analysis window sizes are generated. Finally, using the least square method, a series of LogV(ε) and Log(ε) points obtained are reunited in double logarithmic coordinates, and the slope k of the straight line in the scale-free zone is set. Then the Minkowski dimension D M can be obtained from equation (4): D M = 3-k.
Results and Discussions
In order to study the different fractal dimensions and their spatial Variation characteristics of the watershed in the different regions, the research divided the study area into 17 sub-watersheds based on the digital elevation model (DEM) and the characteristics of the watershed.
From LogV (ε) ~ Log (ε) logarithmic curve (Fig. 2, Fig. 3 ), it can be seen that there is a clear linear relationship between them, the correlation coefficient R 2 is greater than 0.9 and the line fitting degree is very high, which indicates that the topography of the sub-watersheds has obvious fractal features. Comparing the fractal dimension distribution map (Fig. 4) 
Concluding Remarks
The variational method provides a new way to solve the fractal dimension of three-dimensional surface. GIS provides the technical support for the digital representation of the three-dimensional topography. The organic combination of the variational method and GIS technology makes it possible to directly measure the fractal dimension of the basin topography with three-dimensional features. Based on variational method and GIS, the calculation of Minkowski's dimension of three-dimensional landform shows that the fractal dimension of three-dimensional landform can not only effectively express the difference of different topography, but also can accurately analyze the characteristics of the landslides in different conditions of landforms. Window analysis based on GIS provides an effective way to directly estimate the fractal dimension of the three-dimensional landform in the basin by combining the variational method and the GIS.
